Background Prognosis of patients with hepatocellular carcinoma (HCC) remains poor because HCC is frequently diagnosed late. Therefore, regular surveillance has been recommended to detect HCC at the early stage when curative treatments can be applied. HCC biomarkers, including Lens culinaris agglutinin-reactive fraction of alpha-fetoprotein (AFP-L3), are widely used for surveillance in Japan. A newly developed immunoassay system measures AFP-L3 % with high sensitivity. This retrospective study aimed to evaluate clinical utility of highsensitivity AFP-L3 (hs-AFP-L3) as a predictor of early stage HCC in surveillance at a single site. Methods Of consecutive 2830 patients in the surveillance between 2000 and 2009, 104 HCC-developed and 104 non-HCC patients were selected by eligibility criteria and propensity score matching. Samples were obtained from the HCC patients who had blood drawn annually for 3 years prior to HCC diagnosis. Results In the present study, hs-AFP-L3 was elevated 1 year prior to diagnosis in 34.3 % of patients. The survival rate of patients with the hs-AFP-L3 C 7 % at 1 year prior to diagnosis was significantly lower than that of patients with hs-AFP-L3 \ 7 %. Conclusions Elevation of hs-AFP-L3 was early predictive of development of HCC even at low AFP levels and in absence of ultrasound findings of suspicious HCC. The hs-AFP-L3 should be added to surveillance programs with US because elevated hs-AFP-L3 may be a trigger to perform enhanced imaging modalities for confirmation of HCC.
Introduction
Hepatocellular carcinoma (HCC) is the third most common cause of death from cancer worldwide [1] , and poor prognosis is reported because HCC is frequently diagnosed at late stages and is often untreatable. Therefore, surveillance for HCC has been advocated to detect HCC at early stages when curative treatments can be applied [2, 3] . Global liver associations, including the American Association for the Study of Liver Disease (AASLD), the European Association for the Study of the Liver (EASL), and the Asian Pacific Association for the Study of the Liver (APASL), recommend regular surveillance on patients at high risk for HCC [4] [5] [6] . The most common tests used for surveillance are alpha-fetoprotein (AFP) tests and ultrasound (US). EASL and APASL adopt AFP and US in their guidelines, while AASLD recommends only US. Interpretation of US can be challenging when routine screening and comparison to previous imaging results are impossible or when US are performed by different institutes or instruments, whereas HCC biomarker values can be used independently with appropriate cutoff values. The Japan Society of Hepatology (JSH) has recommended not only US but also assays of three biomarkers: AFP, Lens culinaris agglutinin-reactive fraction of alpha-fetoprotein (AFP-L3), and des-gamma-carboxy prothrombin (DCP) [7] .
However, AFP levels are often elevated even in patients with benign liver diseases. The low specificity of AFP has been a cause of concern for use as a HCC marker [8] [9] [10] . In contrast, a rate of AFP-L3 in total AFP (AFP-L3 %) has been reported to be highly specific for HCC in many studies [11] [12] [13] ; however, accurate measurements of AFP-L3 % have been limited to patients having AFP [20 ng/mL by insufficient analytical sensitivity on a conventional assay system that is a liquid-phase binding assay (LiBASys) [14] . Recently, a micro-total analysis system (lTAS) based lectin-affinity electrophoresis using microfluidics technology has enabled accurate measurements of AFP-L3 % even at low AFP [15] . The high-sensitivity AFP-L3 (hs-AFP-L3) assay has demonstrated improvement in clinical sensitivity and predicting of prognosis in HCC patients with AFP \ 20 ng/mL [16] [17] [18] . The Liver Cancer Study Group of Japan has reported that 37 % of HCC patients had low AFP (\15 ng/mL) at the HCC diagnosis [19] . They also show that 34 % of patients had tumors with maximum diameter of \2 cm. Early HCC is a distinct clinical entity with a high rate of surgical cure and detection of early HCC results in long-term survival [20] . However, elevated AFP is not always observed in patients with such small tumors. Therefore, the hs-AFP-L3 assay which can measure serum levels at low AFP is expected to improve detection of HCC at the early stage. Moreover, lower cutoff values for hs-AFP-L3 has been considered to improve clinical sensitivity [16] [17] [18] .
In this study, clinical utility in early prediction of development of HCC in our study cohort under surveillance using hs-AFP-L3 and analyzed retrospectively is reported.
Patients and methods

Patients
The study protocol was approved by the Institutional Ethics Committee of Ogaki Municipal Hospital in January 2009 and was in compliance with the Declaration of Helsinki. Written informed consent for use of stored serum samples for the study was obtained from the enrolled patients.
Between 2000 and 2009, a total of consecutive 2830 patients positive for hepatitis B surface antigen (HBsAg) or anti-hepatitis C virus (HCV) antibody who visited the Department of Gastroenterology and Hepatology at Ogaki Municipal Hospital were prospectively enrolled in our HCC surveillance. Of the 2830, 1214 patients met eligibility criteria: HBsAg-or HCV RNA-positive for more than 6 months, follow-up period of [3 years before HCC diagnosis, availability of sera sampled at least twice at 12-month intervals, maximal tumor diameter \3 cm and 3 nodules or less at diagnosis, and no oral intake of warfarin which is a DCP-inducing agent.
Of these 1214 patients, 114 patients had HCC and 1100 patients had no evidence of HCC during follow-up period. To reduce the confounding effects of covariates between HCC and control patients, we selected patients using propensity score matching. Six covariates including age, gender, etiology (HBV or HCV), Child-Pugh classification, platelet number, and alanine aminotransferase (ALT) except tumor markers were used. We computed the propensity score by using logistic regression with the independent variable including age (\65 years or B65 years), sex (female or male), etiology (HBV or HCV), Child-Pugh classification (A, B, or C), platelet count ([150 9 10 3 /m 3 or B150 9 10 3 /m 3 ), and ALT activity (B40 IU/mL or [40 IU/mL) as shown in previous reported cut-off values according to the previous reports [21, 22] . This model yielded a c statistic of 0.832 (95 % confidence interval [CI], 0.797-0.866), indicating a strong ability to differentiate between HCC and control patients. Calibration was assessed using the Hosmer-Lemeshow goodness-of-fit test [23] . The P value of the calculated propensity score was 0.647 based on the Hosmer-Lemeshow test and showed an absence of bias. We were able to match 104 HCC developed patients to 104 non-HCC developing patients. Table 1 shows demographics of HCC and non-HCC groups. The median of tumor size was 1.9 cm. The 69 % of HCC patients had single tumor and the 86 % of HCC patients were at TNM stage I and II.
Surveillance and diagnosis
According to Clinical Practice Guidelines for Hepatocellular Carcinoma in Japan [7] , we performed US and three biomarker studies (AFP, AFP-L3, and DCP) every 3-4 months and dynamic magnetic resonance imaging (MRI) every 12 months for cirrhosis patients under surveillance. For patients with chronic hepatitis, we performed US and three biomarker studies every 6 months. For diagnostic confirmation of HCC, patients had a dynamic MRI when US suggested progression in nodular lesion, change of echo pattern in nodules, or increased biomarkers: continuous elevation of AFP or increase to AFP 200 ng/mL or more, AFP-L3 15 % or more, or DCP 40 mAU/mL or more. The hs-AFP-L3 assay was not available for the surveillance of those days.
Forty-five patients were diagnosed as HCC histologically (surgical specimen, 39 patients; US-guided needle biopsy specimens, 6 patients). The remaining 59 patients were diagnosed as HCC as typical findings of dynamic MRI including hypervascular in the arterial phase with washout in the portal venous or delayed phase [4] .
Treatments
Individual decisions for a primary treatment were generally made on the basis of the guidelines for HCC in Japan [7] . Patients were initially assessed for eligibility for resection. When patients declined or were deemed ineligible for resection, they underwent locoregional ablative therapy (LAT) as a second option or transcatheter arterial chemoembolization (TACE) as a third one. Of the enrolled 104 patients, 99 patients underwent resection (n = 39), LAT (n = 23), or TACE (n = 37: including patients with both LAT and TACE). Five patients did not receive any treatment for HCC. No patient underwent liver transplantation.
Imaging modalities B-mode US was performed with an Aplio XV or XG ultrasound system (Toshiba Medical System, Tokyo, Japan) equipped with a convex probe (PUT-375BT). MR imaging was performed using a superconducting scanner operating at 1.5 T (Signa Twin Speed; General Electric Medical Systems, Milwaukee, WI). MR images were obtained in the axial plane with a phased-array multicoil for the body. To scan whole livers, the section thickness was 8-10 mm with 2-and 3-mm intersectional gaps, depending on liver size. Breath-hold T1-weighted in-phase and out-of-phase fast spoiled gradient-recalled echo Dynamic MR images were obtained before and after an antecubital intravenous bolus injection of 0.1 mmol/kg of gadopentetate dimeglumine (Magnevist; Bayer in Japan, Tokyo, Japan) followed by 15-20 ml of a sterile normal saline flush. The optimum timing of start of scanning was decided for each case after 1 ml test injection of gadopentetate dimeglumine. The scan times were about 25, 40, and 60 s, and 2-2.5 min after initiation of the contrast injection, representing the early hepatic artery, late hepatic artery, portal vein, and equilibrium phase, respectively. All MR images except T2-weight MR images were obtained using array spatial sensitivity encoding technique (ASSET).
Assays of hs-AFP-L3, AFP, and DCP For this retrospective study, the measurements of hs-AFP-L3, AFP, and DCP were achieved by using a microchip capillary electrophoresis and liquid-phase binding assay on lTASWako i30 auto analyzer (Wako Pure Chemical Industries, Ltd.) [16] . Analytical sensitivity of the lTAS is 0.3 ng/mL AFP, and percentage of AFP-L3 can be measured when AFP-L3 is over 0.3 ng/mL. Analytical sensitivity of LiBASys is 0.8 ng/mL AFP, but AFP-L3 % can not be calculated at AFP \ 10 ng/mL. Samples were obtained from 104 HCC patients who had blood drawn annually for 3 years prior to the HCC diagnosis and stored at -80°C until the measurements. In the HCC patients, stored serum samples at -3 years (over 30 months before, n = 94), -2 years (from 18 to 30 months before, n = 97), -1 year (from 6 to 18 months before, n = 103), and 0 year (n = 104) at the time of the HCC diagnosis were measured. In the non-HCC patients, similarly, stored serum samples at -3 years (n = 99), -2 years (n = 104), and -1 year (n = 102), and 0 year (n = 104) from the end of follow-up were measured.
Statistical analysis
To evaluate the diagnostic accuracy and predictive values of AFP, hs-AFP-L3, and DCP, sensitivity and specificity were calculated with cutoff values in the guidelines [7] . Furthermore, cutoff values of 5, 7, and 10 % for hs-AFP-L3 were used for this retrospective study according to previous reports [13, 16] . Serial changes of three biomarkers before the diagnosis of HCC were analyzed by Wilcoxon matched pair signed rank test. For the evaluation of prognosis, the long-term survival of patients with HCC was determined by the Kaplan-Meier method and the logrank test was used to compare the survival rates. The values were considered significant when P value was \0.05. The analyses were performed using JMP10 statistical software (SAS Institute Japan, Japan).
The propensity score matching was performed with SPSS, version 18.0 for Windows (International Business Machines Corporation, Tokyo, Japan).
Results
Dynamic changes of biomarkers
The dynamic changes of hs-AFP-L3, AFP, and DCP in HCC patients at -3, -2, -1, and 0 year before diagnosis are shown in Fig. 1a, b , and c. The levels of hs-AFP-L3 at -1 year were significantly elevated from the levels at -2 years (P = 0.0001). The levels of hs-AFP-L3 at -0 year were significantly elevated from the levels at -1 year (P = 0.0003, Table 2 ). AFP and DCP were significantly elevated between -1 and 0 year (P = 0.0315 and P \ 0.0001, respectively, Table 2 ). In non-HCC patients, no significant differences were observed for any markers (Fig. 1d-f) . Only hs-AFP-L3 in HCC patients were significantly elevated 1 year prior to HCC diagnosis.
Sensitivity and specificity at diagnosis
Diagnostic sensitivity and specificity were evaluated for the hs-AFP-L3, AFP, DCP, and the combination of biomarkers ( Table 3 ). The sensitivity was calculated by using HCC patient samples at diagnosis (n = 104) and the specificity was calculated by using non-HCC patient samples at -3 years (n = 100) to ensure that none had developed HCC for the following 3 years. Of the 104 HCC patients, 43 patients (41.3 %) had AFP \ 10 ng/mL at which the conventional assay was not able to calculate AFP-L3 %. The sensitivity and specificity for hs-AFP-L3 were 11.5 and 100.0 %, respectively at a cutoff value of 15 %. A cutoff value of 7 % improved the sensitivity to 39.4 %. A combination assay with hs-AFP-L3, AFP, and DCP resulted in sensitivity of 60.6 % at diagnosis.
Sensitivity and specificity for 3 years before diagnosis
We calculated sensitivities using HCC samples at 3, 2, and 1 years prior to diagnosis. Similarly, specificities were calculated by using non-HCC samples ( 
Comparison of tumor characteristics and survival rates
Comparing tumor characteristics at detection of HCC by a level of hs-AFP-L3 at -1 year, the tumor size, the number of tumors, and TNM stage between patients with hs-AFP-L3 C 7 % and \7 % (P = 0.064, 0.821, and 0.504, respectively) were not statistically significant. The number of patients receiving curative treatments such as resection and LAT was significantly higher in patients with hs-AFP-L3 \ 7 % (P = 0.020) (data not shown).
During the follow-up period after the diagnosis that was ranged from 4 to 110 months (median of 39 months), the survival rate of patients with hs-AFP-L3 C 7 % was significantly lower than that of patients with hs-AFP-L3 \ 7 % by using values at -1 year (P = 0.039) (Fig. 2) . There was no statistical significance between patients with DCP C 40 mAU/mL and patients with DCP \ 40 mAU/ mL (P = 0.831). No patients had AFP [ 200 ng/mL at -1 year. The survival rate of patients with hs-AFP-L3 C 7 % had a lower tendency than that of patients with hs-AFP-L3 \ 7 % at HCC diagnosis (P = 0.1501).
Triggers to perform MRI for suspicious HCC and positivity rates for hs-AFP-L3
In this study population, US was performed median of 4 times between -1 year and diagnosis day. The 104 HCC patients were classified into three groups by a trigger to perform MRI for diagnostic confirmation (Table 5) . US findings triggered MRI for 86 patients. The 86 patients were classified further by US findings: increase of the tumor number (51/86), increase of the tumor size (18/86), or change of the echo pattern in nodules (17/86). Five patients were monitored by MRI as results of elevated biomarkers. The remaining 13 patients were screened by MRI instead of US because interpretation of US was difficult in patients who were obese or had severe liver atrophy.
In the present retrospective study for hs-AFP-L3, 29.6 % of patients who were diagnosed with HCC by the trigger of US had hs-AFP-L3 C 7 % 1 year prior to the diagnosis day. In the patients who had changes of the echo pattern in nodules, the positivity rate for hs-AFP-L3 at -1 year was 50.0 % and relatively higher compared to the other groups by US.
Discussion
Most studies on HCC biomarkers have focused on the accuracy at the time of diagnosis and the prediction of prognosis. So far there are a few studies which have evaluated early prediction of development of HCC in patients at high risk for HCC by biomarkers.
Taketa et al. [24] have reported that AFP-L3 values elevated above the cutoff value of 15 % with an average of 4.0 ± 4.9 months before the detection of HCC by imaging techniques. Sato et al. [25] also have demonstrated that lectin-reactive AFP elevated 3-18 months before the detection. However, only samples with AFP levels higher than 30 ng/mL were measured in their study. Recent data indicated that the elevated AFP is not typical at HCC diagnosis for patients under in surveillance in Japan. Therefore, hs-AFP-L3 is expected to be more useful at low levels of AFP. Even though there were some differences in AFP concentration among the studies, they reported that elevation of AFP-L3 prior to diagnosis was associated with development of HCC. Shiraki et al. [26] detected the small tumor \2 cm in maximum diameter in more than half of the patients. In the study population, they demonstrated clinical utility of lectin-reactive AFP as an early indicator while low AFP was reported limiting of the early recognition of HCC. Shimauchi et al. [27] demonstrated that AFP-L3 and DCP values showed elevated in about half of the patients at 6 months before the recognition of HCC by imaging techniques. These two markers were mutually complementary. In our study, DCP was not significantly elevated 1 year prior to diagnosis.
Lok et al. [28] have reported in a retrospective study of AFP and DCP values in patients in the Hepatitis C Antiviral Long-Term Treatment against Cirrhosis Trial who had blood drawn every 3 months for 12 months prior to HCC diagnosis. They have concluded that the biomarkers are needed to complement ultrasound in the detection of early HCC but neither DCP nor AFP is optimal. For the study, early stage HCC was defined as a single tumor nodule \3 cm in diameter with no evidence of vascular invasion or metastasis, and only 61.5 % of patients presented with early stage HCC. In our study, median of tumor size was 1.9 cm and all patients with \3 cm. Tumor volume doubling time is reported to be 90-132 days [29] and it may take a half year or 1 year for a nodule to develop from \2 cm to [3 cm. Therefore, HCC patients in our study were diagnosed 1 year earlier than the patients in Lok's study. Clinically the tumor size between \2 cm and 3 cm is one of the factor for making decisions of treatments, and it has been reported that survival rate of patients with tumor size \2 cm is higher [20] . Therefore, HCC should be diagnosed at the earlier stage with tumor \2 cm in order to achieve better outcome.
It is well known that AFP-L3 concentration correlates well with AFP; however, AFP-L3 % is not correlated with AFP [24, 30] . AFP-L3 % is a marker that is independent of AFP. Therefore, we have used AFP-L3 % for analysis.
In the present study, hs-AFP-L3 was significantly elevated 1 year prior to HCC diagnosis in 34.3 % of patients at a cutoff value of 7 %. Tamura et al. [16] reported that a cutoff value of 7 % is most appropriate for discriminating HCC from benign liver disease using this assay. Therefore, patients with elevated hs-AFP-L3 value under surveillance should be followed up closely. The specificity of 80 % or less before diagnosis may actually mislead because the non-HCC patients selected by matching with the HCC patients were potentially higher risk group for HCC and would likely develop HCC later.
In previous studies, elevated AFP-L3 has been reported to be correlated to a shorter doubling time of tumor volume, increased hepatic arterial supply, and pathologic features such as infiltrative tumor growth pattern, capsule infiltration, vascular invasion, and intrahepatic metastasis [31, 32] . These findings are often difficult to diagnose by various imaging modalities in small HCCs. Such blood supply changes typically result in change of echo pattern in nodules. In this study, therefore, high positivity rates for hs-AFP-L3 at -1 year in the patients who had such changes of echo pattern may be associated with developing HCC. The survival rate of patients with hs-AFP-L3 [ 7 % at -1 year was significantly poorer compared to patients with hs-AFP-L3 \ 7 %. However, differences of the detected tumor size and number were not statistically significant between patients with hs-AFP-L3 C 7 % and \7 %. AFP-L3-positive HCC nodules may be aggressive and have high malignancy potential even though the tumor size is small. Therefore, it may be useful in early detection of the aggressive tumor to perform enhanced imaging techniques such as MRI for patients with elevated hs-AFP-L3. Survival rate of patients with the hs-AFP-L3 elevation at HCC diagnosis showed a poorer tendency; however, there were no statistical differences. HCC treatments were done just after the HCC diagnosis. Therefore, HCC tumors in patients with the hs-AFP-L3 elevation 1 year before HCC diagnosis might have 1 year to grow. This 1 year may reflect the difference of survival of two groups. DCP is a good marker for poor prognosis of HCC. However, the difference of overall survival between patients with DCP C40 and \40 mAU/mL was not observed due to the early stage (small) HCC without obvious vascular invasion.
AFP is a good marker to distinguish high-risk group for HCC development in the future [22] ; however, AFP was not elevated 1 year prior to HCC development. AFP-L3 was elevated 1 year prior to diagnosis of small HCC in 34.3 % of patients.
Interpretation of US can be challenging without comparison to previous imaging results and performance of US can be limited in patients who are obese or have severe background liver cirrhosis. In the present study, sensitivity of the combined three biomarkers was 60.6 % at diagnosis, and measurements of biomarkers are expected to complement to US in surveillance.
In conclusion, elevation of hs-AFP-L3 was early predictive of development of HCC even at low AFP levels and in absence of US findings of suspicious HCC. Prognosis of patients with elevated hs-AFP-L3 was significantly poorer. HCC may be diagnosed earlier to receive curative treatments by the elevated hs-AFP-L3 as a trigger of enhanced imaging techniques. Additional prospective studies are expected to demonstrate whether routine measurements of hs-AFP-L3 in HCC surveillance can improve overall patient survival.
